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the biosynthesis of pyrimidines. [E. coli cultures in-
hibited by azauracil have been observed to acenmulate
orotic acid and orotidylic acid” suggesting n block in
the synthesis of the dihydroxypyrimidine nucleus rather
than at sites of utilization of uracil, and, more spe-
cifically, ut the decarboxylative conversion of orotidylic
acid to uridylic acid.'®

6-Oxadihydrouracil also inhibits the growth of E. ¢oli
Texas and its toxicity is competitively reversed by
uracil over i 30-fold range of concentrations with an
inhibition index of about 100. lurther, uracil precur-
sors and related compounds also did not reverse the
inhibitory aetion of the analog in A. coli.

Neither G-oxadihydronracil nor -oxadihydrothymine
were appreciably inhibitory to mammualian cells grown
n tissue culture as indicated in Table V. Studies were
carried out using HEp-2 human carcinoma, Jensen rat
sarcoma, nnd WI-38 diploid human embryonic lung
cells.  Using HEp-2 cells, the per cent of control growth
in the presence of 0.25, 2.5, and 5.0 ug/ml of the oxa-
uracil derivative was 103, 88, and 101, respectively; the
control growth was tenfold that of the initial inoculun.
Subsequent assays at levels of inhibitor up to 50 ug/ml
did not affect proliferntion in vifro of these human cancer
cells nppreciably.  In the same system, G-oxadihydro-
thymine at levels of 5, 25, und 50 ug/ml gave vahies of
100, 114, and S8% that of control growth, respectively
(with a sevenfold inerense of cell growth over that of

{153) R. A. Handschumacher, NVarure, 182, 1000 ¢1438].
(16) R. E. Handschumacher, /. Biol. Ckem., 285, 764 110601,
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s Calenluted by dividing the munber of new cells produced in
test, compound cnltures by those pradineed in nonsnpplemented
Medium 7n control enlivres (X 100). Test componnds were
introdneed i the log phase of proliferation; for cnlture condi-
tions see text. The HEp-2 and WI-38 cells ure derived from
human earcinoma and normal embryonic lung tissie, respec-
tively; the Jeusen cells were abtaiued from freshly excised Jensen
sarconias carried in Holtznian rats.

the inoculum). No striking differences in results were
obtained with either of these analogs at these concen-
tration levels using Jensen rat sarcoma and WI-38 lung
cells in comparable tissue culture assays.  Insummary.
neither of the oxa analogs proved to be appreciably
inhibitory to growth of mammalian cell cultures even
though they exhibited a relatively high toxicity to
microbial growth.
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The synthesis of (3'—3") carbonate analogs of dinucleosides ix deseribed. 3’-Thymidinyl 5'-thymidinyl earbon-
ate (10), 3’-thymidinyl 1’~-(5-fluoro-2’-deoxyvuridinyt) carbonate (15), and 3'-{5-fluoro-2’~-deoxyridinyl) 3/-thymi-
dinyl carbonate (18) have been synthesized. Thymidine was converted to 3/-O-tritylthymidine and treated with

phosgene to give 3'-(5'-O-tritylthymidinyl) chloroformate (6).

Subsequent treatinent with thynidine and re-

moval of the protective group afforded 10. Compounds 15 and 18 were prepared by the same method. 3'-(7'-
Phosphorylthymidinyl) 5’-thymidinyl carbonate (14) was prepared froni 10 by reaction with diphenyl phos-

phorochloridate followed by hydrogenolysis of the protective groups.

Comipounds 10, 14, and 15 did not show

significant inhibition of Escherichia coli growth or thymidylate synthetuxe,

In weitro inhibition of nucleic acid formation by
nucleotides and their derivatives has been demonstra-
ted for 5 -fluoro - 2’ - deoxyuridine 5’ - monophosphate
(FUDRP) and S-trifluoromethyl-2’-deoxyuridine 5'-
monophosphate (F; TDRP).?

A potential dite of inhibiting nucleic acid synthesis
is the cnzyme deoxyribonucleotidyltransferase (DNA
polymerase).»* Studies on the inhibitory action of

(1) This work was supported by a Public Health Service predoctoral
fellowship 5-FI-GM-29, 336 to . A. (. and by Grants (! A-5639 and 1K3-
CA-10,739 from the National Cancer lnstitutes, National [nstitutes of
Health. Presented at the XXIst [UPAC Meeting, Prague, Rept 1967.

(2) (. Heidelberger. Progr. Nueleic deid Res. Mol. Biol,, 4, 1 (1460).

(3) G. Buttin and A. Wornberg, J. Biol. Chkem., 241, 5419 (1466), and
references given therein.

(4) (a) L. J. Slotnick, M. Dougherty, and D, 1. James, Jr., Cancer Kes.,

nueleosides and nucleotides have demonstrated that the
latter do not pass through cell membranes.” Recently
Bloch and coworkers® have synthesized dinucleoside
phosphates containing d-fluorouracil;  cellular perme-
ability also limits the uptake of these compounds and
the observed biological activity appears to be derived

26, 673 (1966): (b) N. Tanaka, . Nagai, H, Yamaguchi, and H. Uneznwa,
Biochem. Biophys. Res. Commun., 21, 328 (1965); (c) N. S. Mizuno, Bio-
ckim. Biophys. Acta, 108, 394 (1965); (d) N. C. Brown and R. II. Hand-
schumacher, JJ. Biol. Chem., 241, 3083 (1966): (e) H. J. Rosenkranz and J.
A. Levy, Biochim. Biophys. Acta, 96, 181 (1965); (D J. L. York and G. A.
LePage, Cun. J. Biochem., 44, 19 (1966): (z) E. (O, Moore and 8. 8, Colien,
J. Biol. Chem., 242, 2116 (1967).

(i C. Heidelberger and K. L. Mukherjee, Cancer Res., 22, 815 (1902).

¢6) A. Bloch, M. H. Fleyshor, R. Thedford, R.\J. Maue, and R. FL Hall,
J. Med, Chem., 9, 886 [1U606),
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from the product of ester hydrolysis. Attempts to
achieve activity by masking the phosphate moiety of
nucleotides and preparing esters of nucleosides have
been reported by Heidelberger and coworkers.”

In an effort to overcome the barrier to permeability
and to examine the effects on growth inhibition in a
nucleotide analog the nonionic carbonate linkage was
employed. Three dinucleoside carbonates have been
prepared: 3’-thymidiny! 5'-thymidiny! carbonate (10),
3'-thymidiny!l 5'-(5-fluoro-2’-deoxyuridinyl) carbonate
(15), and 3’-(5-fluoro-2’-deoxyuridinyl) 5’-thymidinyl
carbonate (18). The 5’-monophosphate of 10, struc-
ture 14, also was prepared.

Carbonate esters have been used extensively in the
synthesis of carbohydrates; however, reports of car-
bonate analogs of nucleosides have appeared only re-
cently. A bis-5'-nucleoside earbonate and a 27,3’'-
cyclic carbonate have been reported by Hampton and
Nichol® Ogilvie and Letsinger® utilized the isobutyl-
oxycarbonyl as a blocking group in nucleoside synthesis.

Methods leading to unsymmetrical dinucleoside car-
bonates were examined initially on model systems.
Treatment of 3-hydroxytetrahydrofuran (1) with phos-
gene gave the intermediate chloroformate 2 character-
ized by nmr. Subsequent treatment with NH, OH
gave the carbamate 3 or with tetrahydrofurfuryl
alcohol gave the unsymmetrical carbonate 4, character-
ized by nmr.

0 0. 0O
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0
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Treatment of a THF solutionof 5'-O-tritylthymidine
(5) with excess phosgene in the presence of 1 equiv of
pyridine gave a solution of the unstable 3’-chlorofor-
mate ester of 5 (6). After excess phosgene was re-
moved this solution was added to 3’-O-acetylthymi-
dine!! (7) in pyridine to yield the desired 3'-(5'-O-tri-
tylthymidinyl) 5'-(3'-O-acetylthymidinyl) ecarbonate
(8). The possibility that the chloroformate 6 would
react with the 5'-hydroxyl of thymidine in preference to
the 3’-hydroxy! was supported by the work of Baker
and coworkers!? who successfully obtained preferential
reaction of phenyl chloroformate with thymidine to give
the 5’-phenylcarbonylthymidine. The feasibility of
utilizing unprotected thymidine in the final step would

(7) (a) D. C. Remy, A. V. Sunthankar, and C. Heidelberger, .J. Org.
Chem., 27, 2491 (1962); (b) K. L. Mukherjee and C. Heidelberger, Cancer
Res., 22, 815 (1962); (c) Y. Nishigawa, J. E. Casida, S. W. Anderson, and C.
Heidelberger, Biochem. Pharmacol., 14, 1605 (1965).

(8) A. Hampton and A. W, Nichol, J. Org. Chem., 31, 3402 (1966): Bio-
chemistry, 8, 2076 (1966). The latter reference reviews the literature in this
area.

(9) K. K, Ogilvie and R. L. Letsinger, J. Org. Chem., 82, 2365 (1967).

(10) P. T. Gilham and H. G. Xhorana, .J. Amer. Chem. Soc., 80, 6212
(1958).

(11) A. M. Miclielson and A. R. Todd, .J. Chem. Soc., 951 (1933).

(I2) B. R. Baker, P. M. Tanna. and G. 1. F. Jackson, J. Pkarm. Sei.,
B4, 987 (1965).
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8, R = trityl; R’ = OAc; R’/ = thymine
9, R = trityl; R’ = H; R’ = thymine
10, R = R’ = H; R’ = thymine
11, R = PO(OCsH;):; R’ = H} R’ = thymine
12, R = R’ = PO(OC¢H.); R’ = thymine
13, R = PO(OCsH:):; R’ = QOAc; R’ = thymine
14, R = PO;H.; R’ = H; R’ = thymine
15, R = R’ = H; R’ = 5-fluorouracil (FU)

then alleviate the necessity of removing the acetate, a
potentially difficult reaction in the presence of the car-
bonate. The deacetylated product 9 was obtained
directly by treating a pyridine solution of thymidine
with 6 to give 3'-(5'-O-tritylthymidiny!) 5'-thymidinyl
carbonate (9). Removal of the trityl group of 9 by re-
fluxing in 809, HOAc gave 3’-thymidinyl 5'-thymidinyl
carbonate (10).

The downfield shift in the nmr spectra of the 3’ and
5" hydrogens caused by esterification of the OH groups
at these positions was used to support the 3’—>5’ car-
bonate linkage. Thenmr of thymidine gives a peak for
the 5’ protons at 3.64 ppm and a peak for the 3’ proton
at 4.30 ppm. In the spectrum of 3’-O-acetylthymidine
(7) the 5’ protons remain at 3.72 ppm while the 3’
proton now appears at 5.22 ppm, a downfield shift of
0.9 ppm due to the deshielding effect of the acetate
ester. The 3’ proton of 5’-O-acetylthymidine remains
at 4.34 ppm while the 5’ protons were shifted downfield
by 0.6 ppm to 4.24 ppm. Finally, as expected, both
the 3’ and 5’ protons of 3/,5’-di-O-acetylthymidine were
shifted to downfield positions of 5.24 ppm for the 3’
proton and 4.25 ppm for the 5’ protons, shifts of 0.9
and 0.6 ppm, respectively. In the case of 3’-thymi-
diny! 5’-thymidiny! carbonate (10) it was impossible to
observe the shift of the 5’ proton due to the complex
absorption of the 3', 4’ and 5’ protons in the region
from 3.30 to 4.50 ppm; however, the 3’ proton at the
carbonate moiety appears as a broad peak at 527 ppm
a downfleld shift of about 1.0 ppm which corresponds
closely with the shift observed in the 3’-O-acetyl com-
pounds.

Additional proof for the 3’~>5' linkage was obtained
by tritylation of the unprotected carbonate 10 which
afforded a small amount of 3'-(5'-O-tritylthymidiny!)
5’-thymidine carbonate (9) along with a large return
of the carbonate starting material, The tritylation
product 9 was shown to be identical with authentic
trity! carbonate. This result demonstrates the pres-
ence of only one free primary OH. In order to show
that the unprotected carbonate also contained one
secondary OH, the trityl carbonate 9 was acetylated to
give a product identical with an authentic sample of 3’-
(5'-O-tritylthymidinyl) 5’-(3’-O-acetylthymidinyl) car-
bonate (8).

As a further demonstration of the 3’5" carbonate
linkage, a sample of (5’-O-tritylthymidinyl) 5'-thymi-
dinyl carbonate (9) was hydrolyzed (base) to give
thymidine and 5'-O-tritylthymidine (5).
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Using the procedure of Barnwell and coworkers'?
the phosphorylation of 3’-thymidinyl 5'-thymidinyl
carbonate (10) wax nchieved by treatment with excess
diphenyl phosphorochloridate at low temperatiires to
give both mono~ (11) and diphosphorylated (12) prod-
nets which were sepurated by fraetionnl erystalliza-
tion. Hydrogenolyxix  of 3’-(3’-diphenylphosphoryl-
thymidinyl) 5'~-thymidiny! carbonate (11) gave the crys-
talline phosphate 14.  Evidence of 5'-monophosphoryl-
ation as opposed to 3’-monophosphorylation was based
on the nmr spectra of 11 and 12 and the finding that
acetylation of 11 yields u monoacetylated product 13
in which the acetyl methyl appeared in the nmr spec-
trum at the same position nx that of 3/-(5’-O-trityl-
thymidinyl) 5’-(3’-O-acetylthymidinyl) carbonate (8)
and integration for both 37 protons at 5.30 ppm of 13
ix obzerved.

The synthesix of 3’-thymidinyl 5’-(3-fluoro-2'-deoxy-
uridinyl) carbonate (15) was necomplished by treating
H-fluoro-2/-deoxyuridine! with a solution of 6 followed
by removal of the trityl group to give 15. The reverse
dinucleoside carbonate, 3'-(5-fluoro-2'-deoxyiiridinyl)
5'-thymidinyl earbonate (18) was prepared in a similar
manner from 5'-O-trivyl-3-fluorodeoxyuridine 3’~chloro-
formate (16).

Preliminary biologieal results' on growth inhibition
of Kscherichia coli B by compounds 10, 15, thymidine,
and H-fluoro-2'-deoxyuridine were obtained as previ-
ously described.’ Compound 10 and thymidine
showed no growth inhibition at 10=* /.  5-Fluore-2'-
deoxyuridine as expected showed approximately 50%
inhibition of growth at 10~ 3/, however, the car-
bonate 15 showing approximately 509 inhibition at
103 A7 was much less aetive than H-fluoro-2'-deoxyuri-
dine. It ix probabhle that the inhibition seen in 15 is
derived from H-fluoro-2'-deoxyuiridine released by in
rivo hydrolysiz of the carbonute linkage. Studies on
thymidylate synthetuse inhibition'™ showed no inhibi-

13) (a) 1. . Barnwell, W, A, Asiunders, and R, W, Warson, Cun. J.
Chem., 88, 711 (1055); (b1 H. G. Khorana, “'Some Reeent Developmenrs in
the Chemistry ol P'hosphare Esters of Biological Interes,” Jobn Wiley and
Rons, Ine., New York, N. Y., 1961: {c) 11. Bredereck. F. Beryger, and J. 1.
Whrenberg, Ber., 78, 269 (19408,

(14) A generous gilt of Dr. Harry Woods, Cancer Chemoelberapy National
Service ("enter, Bethesda, Md.

(15) The anthors acknowledgze Mrs, William Riges (or the bLiolouieal
results,

(16) M, 1I'. Mertes. J. Zielinski, and €. Uitho. J. Mea. Cren, 10, 320
(1967).

(17) M. P. Merces and N, R, Palel, 20/, 9, 868 {101:0),
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tion at u ratio of (inhibitor),/ (2/-deoxyuridine 5'-mono-
phosphate) of S0 for 10 and 60 for 15, and 15%; inhibi-
tion at an [1]7[S] ratio of 50 far the phosphate 14,

Experimental Section'®

3-Hydroxytetrahydrofuran Carbamate 13).--A solntion of 8.4
1z (0.09 mole) of 3-hydroxytetrnhydrofurvan (1) in 150 ml ol 1,0
wits cooled to 10° while COCL was passed into the solmtion for
2.5 hre After preging with Na and standing 12 e at room tem-
perature the solvent was removed and the residne was distilled
to give 11 g (807 ) of 2, hp 40-43° (0.6 . A positive AgNOs
text, an intense 1780 1750-cm~ 1 ir band, and the following nmr
spectrnm (CCL were obinined fron 20 554 iqnintet, mothyue,
403 (m, 4,-CILOG 2225 ppm (m, 2, CCHLC).

The carbamate 3 was prepared hy stiring o cold (5% solution
of 1.3 ml of 2 e NILOH for 30 min, extracting with Et.O,
drying (MgSO:, and evaporating gave 2.5 & of olid, mp 78-80°,
Recrystallization from Celli-prirolemm ether 130-60°1 gave np
R1.5-82.5°.  dnal. (CILNOg) C, T1, N.

3-Tetrahydrofuryl Tetrahydrofurfury! Carbonate (4 ). ~Tctra-
hydrofurfuryl aleohol (1.3 g, 0.013 mole) and dry pyvridine (5wl
were dissolved in 100 ml of dryv B0, cooled to 5°, and treated
dropwise with u sohriion of 2.0 g (0.053 mole) of 3-hydroxyitetrn-
hivdrofnran chlovoformaice (25 in a0 ml of dry 0. After addi-
tion was complete the solntion was stiveed at 23° far 65 hr. The
solid was filtered, 50 ml of Catlg was ndded to the filtrate, and the
Latter wins waghed snecessively with S0-ml portions of 110, 37,
HCL 3% NallCOs and HO.0 The solition was dried (MgS0,0
ad evaporated to give 1O g of 4 as an oil: nune (CCLy, 5.2 (o,
I, C-3 methyvner 5.2-4.2 Gu, 9, CILOY, and 18205 ppan
6, CCH.C).  Anad. (CuHuh: 1T Croenleld, 55 fonnd, 56.01.

3'-(5'-0-Tritylthymidinyl) 5'-(3'-0O-Acetylthymidiny!) Carbon-
ate 18).—-COCL wax passed for 1 e into a eold (0-5°) solntion
of 2.9 g (5.2 mmolesi of 3-O-trityluhymidine? in 100l of dry
THF containing 0.42 g (5.2 munoles: of pyriddine.  After siirring
overnight at room temperatire the mixtnre was filtered
concentrnted amder vacinm) vo 15 ml. This <ohitdon of 6 wis
added <lowly 1o n cold 5%, ~stirred <olntbncol LU g of 3-O-neeivl-
thymidine in 40 ml of pyridine.  AVver 3 he at 252 the sohnion
was evaponited to o vellow g, dissolved o MinC0O, vod
chromatographed on 20 g of silica gel. Blntion with 2 MeOll
CHCL gave 12 g (470 of 8 ux n =olid, mp 105120¢ An v
CDICL) specirmn of 8 showed ~inglet= at 1-45, 159 and 2.05
{3 11 eneh, assigned 1o the three CHy groupsy, €55 honlder,
C-G protons), 7.20 trityD, 6.40 1, 20 C-17 protonz), 5.8
am, 2, C37 methynesd and mulviplets w355 445 (C-47, C-57
protous) and 245 ppin (C-27 protonst. nal. (CplleN)On) O
I, N ocaled, 7.05; found, 6.55.

3'-(5’-0-Tritylthymidinyl) 5’'-Thymidinyl Carbonate (9j.- -\
solution n= deserihied in the synthesis of 8 of the ehloroformate 6
prepared from 2,75 g /5.7 mumoles1 of 57-0-tritylthymidine wis
added slowly to 110 g (4.5 mmoles) of thymidine in 50 ml of dry
pvridine at 5. After 6 hr at 25° the solntion was poired inta
200 ml of fee-la0; the vellow solid that formed wius extracted
with FtOAe-Cglly and chromatographed on 20 g of silien gel.
Starting materials were elnted with 190 MceOH-CHCL and the
proditet 9 with 3¢ MeOH-CHCL: recryswmllization from CHCly
gave 0.84 ¢ 2570) mp 185-188%: nmr FCDCLS, 140 und 1.82
(~, 6, CHp 7.20-7.60 (u, 17, vityl amad C-6 protons), and 535
ppi i, Bod-methyne adjacent 1o the carbonated; the re-
unminder of the peaks matehed those given for 8. el (Cad Ly
N.Oy G, 1, N

Stirring 0.076 g of 9 in 50 ml of 570 NuOI-MeOIL far 1 hr
gave chronuographic  evidence of  hydrolysis  (thymidine).
After 26 hr the mixtnre was poured into 200 1l of T1LO, extracted
with CHCL, dried (MgSta, and evaporated to yviekl 0.035 g of
37-O-rritvlthymidine.

Acetylation of 9 was acenmplished by stirring 30 mg (0.12
mmoles) of 9 in 10l of dey pyridine containing 0.1 ml (I mmolel

(180 Aleltine poinls were taken nsing a calibrated Tlovas-Hoover anii.
Spectral data were obtained nsing Varinn A-30 and A-60-3 uwr. Beckman
1R-3, 1R-8, and Clary 14 spectrometers. Chromatography was done nsing
Brinkman silica gel (0.05-0.2 mun) chromatogram sheets or Whatnian No. 1
paper. Elemental analyses were done hy Midwest Mierolab=, Indianapolis.
Ind., oronan F & M 185 CNH analyzer. Where analyses are indicated only
Ly symbols ol the elernents analytical resnlts obtained far those elemens
weare within 0.1¢{ ol rhe theoretical values


file:///-00-A

January 1969

of Ac,O. After 2 days the solution was poured into ice-H.0,
and the solid was filtered, recrystallized from CsHe—cyclohexane,
and chromatographed on 5 g of silica gel. Elution with EtOAc-
CHCI; gave 8, identified by umr and chromatography.

3/-Thymidinyl 5'-Thymidinyl Carbonate (10).—An 80%
HOAc (50 ml) solution of 2.0 g (2.7 mmoles) of 9 was refluxed
for 10 min, poured into 200 ml of ice-H:0, and filtered. Evapo-
ration and recrystallization of the residue from MeOH gave 0.7
g (509%) of 10, mp 205-210° softens 137-150°; ascending
chromatography in NH,HCO; (16%,) gave an R; of 0.71. The
nmr (DMS0-ds) showed the expected resonance signals, similar
ta those foomd in 9. Anal. (Cy;HyN.01) C, H, N.

A sample (0.7 g, 1.37 mmoles) of 10 was heated in 50 ml of
dry pyridine containing 0.7 g (2.75 mmoles) of trityl chloride for
2.5 hr. The solution was poured into 300 ml of ice-H,O and
filtered, and the solid was dissolved in CHCl;, dried (MgSO.),
and chromatographed on 45 g of silica gel. Elution with 49
MeOH-CHCI; gave 0.22 g of a solid identical with 9 by melting
point and ascending chromatography in «-PrOH-H.O (4:6),
R 0.78.

3’-(5’-Diphenylphosphorylthymidinyl) 5/-Thymidinyl Carbon-
ate (11).—A cold (0°) solution of 100 mg (0.20 mmole) of 10 in
2 ml of dry pyridine was treated with 200 mg (0.75 mmole) of
diphenyl phosphorochloridate!® and maintained at 5° for 12 hr.
The solvent was evaporated and the residue was dissolved in
CHCl;, washed with H,O, dried, and chromatographed on 4 g
of silica gel.  Elution with CH2Cl; containing increasing amounts
of MeOH gave 12 and finally 0.027 g (259;) of 11 as glasses
characterized by nmr.

It was found in subsequent reactions that the monophosphoryl-
ated product 11 could be separated from 12 by fractional crystal-
lization from CHCl;. Anal. (11, CuH;N.04P-H,0) C, H) N, P,

Acetylation of 17 mg (0.023 mmole) of 11 was accomplished
using 23 mg (0.23 mmole) of Ac,O in 1.5 ml of dry pyridine,
After 12 hr at 25° the solution was poured into ice-H,0, extracted
with CHCl;, dried (MgS0O,), and evaporated to a glass. The
nmr (CDCl;) showed the acetyl methyl protons at 2.10 ppm and
the two 3’-methynes at 5.30 ppm.

3/-(5’-Monophosphorylthymidiny!) 5’-Thymidinyl Carbonate
(14).—An EtOH (5 ml) solution containing 100 mg (0.13 mmole)
of 11 was added to prereduced PtO, (80 mg) in EtOH and redaced
at atmospheric pressure for 18 hr; slightly more than the theoreti-
cal amount of H. was absorbed. Filtration and evaporation
gave the product, mp 185-200°. Anal. (CaHxN0,.P-2H:0) C,
H; N: caled, 895; found, 8.45.
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3’-Thymidinyl 5’-(5-Fluoro-2’-deoxyuridinyl) Carbonate (15).
—A C¢H, solution (75 ml) of the chloroformate 6 prepared from
1.5 g (3.1 mmoles) of 5'-O-tritylthymidine was added slowly
(45 min) to a cold solution (0-5°) of 0.45 g (1.8 mmoles) of 5-
fluoro-2’-deoxyuridine in 30 ml of dry pyridine. After stirring
12 hr, 50 ml of H,O was added and the mixture was extracted
with three 100-ml portions of CHCl;. After dryving and concen-
trating, the residue was chromatographed on 60 g of silica gel.
Elution with CHCl; and 49, MeOH-CHCI; gave 0.56 g of the
trityl produet which was rechromatographed on 25 g of silica to
remove minor impurities.

A solution of 0.447 g (0.59 mmole) of the tritylated compound
was refluxed for 10 min in 20 ml of 809 HOAc, poured into 200
ml of ice-H.0, and extracted with two 150-ml portions of CsHs.
The residue of the aqueous solution was evaporated and washed
with MeOH to give 15 as a solid; recrystallization from H,O-
MeOH gave 0.124 g (179 ), mp 220-224°, nv, Ao 266 mu. Anal.
(C2oHy»FN,01) C, H, F, N.

3’-(5’-Fluoro-2’-deoxyuridinyl) 5’-Thymidinyl Carbonate (18).
—COCl; was passed for 45 min into a cold (0-10°) solution of
3.5 g (7.1 mmoles) of 5-O-trityl-3-fluoro-2’~deoxyuridine!® in
100 ml of dry THF containing 0.56 g (7 mmoles) of dry pyridine.
After COCl, treatment, the mixture was filtered and concentrated
(under vacuum) to 20 ml. This solution of 16 was added slowly
to a cold (5°), stirred solution of 1.5 g (6.2 mmoles) of thymidine
in 20 ml of dry pyridine. After 18 hr at room temperature the
solution was poured into 300 ml of ice-H:O. The aqueous
solution was decanted from the heavy precipitate and the pre-
cipitate was dissolved in MeOH. Repeated dissolution and
evaporation afforded 5.2 g of white semisolid which was chro-
matographed on 60 g of silica gel (Brinkman 0.20-0.05 mm).
Elution with CHCl; and CHClL-29%, MeOH removed starting
materials and impurities. Elution with CHCL-49, MeOH
afforded 3.21 g (689 based on thymidine) of 3'-(5/-O-trityl-5-
fluoro-2/-deoxyuridinyl) 5’-thymidinyl carbonate (17). Anal.
(CysHy FNLOn) C, H, F, N.

A solution of 0.95 g (1.2 mmoles) of the tritylated compound
17 was refluxed for 10 min in 20 ml of 809, HOAc, poured into
200 ml of ice-H.0, and extracted with two 100-ml portions of
CsHs. The aqueous solution was then evaporated in vacuo,
washed with MeOH, and filtered to give 0.6 g (93%) of 18 as a
white solid, mp 155-160°. Anal. (CeHuFN,0,) C, H, F, N,

(19) J. J. Fox and N. C. Miller, .J. Org. Chem.. 28. 936 (1963).
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Preparation of a series of 5-substituted 4-nitro-4-penten-1-ol acetate and related analogs is deseribed. Many
compounds in this category demonstrated confirmed inhibitory activity against Walker carcinosarcoma 256 in

preliminary biological testing.
is essential for the oncolytic property.

Structure—activity study indicated that the nitroalkene portion of the side chain
The relative activity and toxicity of these compounds are dependent on

the length of the aliphatic side chain and substitution at the terminal positions.

In connection with a structure-activity study of
the alkaloids tylocrebrine (Ia) and tylophorine (Ib),
which showed anticancer activity against leukemia
1.1210,2 the phenanthro{9,10:6',7']indolizidine? nu-
cleus (Ic) was prepared in this laboratory. Compound
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tutes of Health, Public Health Service (Contract PH-43-65-94). (b) Pre-
sented in part before the Division of Medicinal Chemistry, 155th National
Meeting of the American Chemical Society, San Francisco, Calif.. April 1068,
N-59.

(2) E. Gellert and R. Rudzats, J. Med. Chem., 7, 361 (1964).

(3) T. R. Govindachari, M. V. Lakshmikantham, K. Nagarajan, and
B. R. Pai. Tetrahedron, 4. 311 (1858).

R,

Ry

R,

R
Rq

Ia, Ry, Ry, Ry, Ry =
b) Rl} R2) Réy R-’i =
¢, R, Ryy Rg, Ry Ry = H

erfas



